A method for selecting and rating scientific and professional journals representing the discipline of ergonomics and human factors is proposed. The method is based upon the journal list, impact factors and citations provided by the Institute of Scientific Information (ISI), and the journal list published in the Ergonomics Abstracts. Three groups of journals were distinguished. The 'ergonomics journals' focus exclusively on ergonomics and human factors. The 'related journals' focus on other disciplines than ergonomics and human factors, but regularly publish ergonomics/human factors papers. The 'basic journals' focus on other technical, medical or social sciences than ergonomics, but are important for the development of ergonomics/human factors. Journal quality was rated using a maximum of four categories: top quality (A-level), high quality (B-level), good quality (C-level)) and professional (P-level). The above methods were applied to develop the Ergonomics Journal List 2004. A total of 25 'ergonomics journals', 58 'related journals' and 142 'basic journals' were classified. r
Introduction
Articles published in the archival, peer-review journals are considered one of the most important measures of scientific achievements, both in terms of quality and productivity (Boyer, 1990 ). An evidence of the published work is often used as one of primary criteria for evaluation of one's contribution to the discipline and related recognition of such by the scientific community (Glassick et al., 1997) .
The Institute for Scientific Information (ISI) has selected about 8000 journals that are being considered as high-quality scientific journals (ISI, 2003) . The ISI tracks the number of citations to the articles that have been published in a journal. One of the most popular measures of the journal's quality is the ISI 'impact factor'. The impact factor for a given year is defined as the ratio of the number of citations to the number of articles published in the journal in the 2 years after the publication date (ISI, 2003) . Typically, the ISI-classified journals with the high impact factors in comparison to other journals are considered as the top journals in a given discipline.
In order to support scientists and professionals in selecting journals for their articles, and to stimulate improving the quality of journals in a given field, several disciplines have published rating lists of journals that represent the discipline. For example, in the field of economics and business administration the WU-rating of the Vienna University of Economics and Business Administration (Meier, 2002) rates some 2300 journals. In this rating system 5 levels of journals are distinguished. The higher-level journals have high scientific reputation, international distribution and readership, broad coverage of the discipline, blind referee procedures and high impact factors.
In the past 50 years, ergonomics and human factors (hereafter called ergonomics) have developed as a separate scientific discipline with its own scientific societies, meetings and publications. Articles in this field are published in journals that focus exclusively on the entire field of ergonomics or its sub-disciplines ('ergonomics journals'), or in journals that basically focus on other, but related disciplines ('related journals'). Ergonomics journals help to disseminate ergonomics knowledge within the ergonomics community, whereas related journals help to disseminate ergonomics knowledge in other disciplines. Another group of journals focus on a diversity of technical, medical and social sciences. These 'basic journals' normally do not publish ergonomics articles, but the knowledge published in such journals is important to the development and enhancement of the discipline of ergonomics.
In the recent past, several lists of journals in the field of ergonomics have been published. For example, the database of Ergonomics Abstracts contains indexes and abstracts of articles from more than 300 journals, relevant for the field of ergonomics (Ergonomics Abstracts, 2003) . On the Ergoweb website, some 40 journals are listed (Ergoweb, 2003) . Furthermore, national ergonomics societies and university groups have published their own journal lists. However, there is no consensus between the existing lists as to the ranking of the available journals. No generally accepted list of journals that represent the ergonomics discipline is available, nor does a universally accepted system for rating the quality of these journals exist.
This paper is a first attempt to provide a systematic assessment for rating of journals in the field of ergonomics. The proposed system includes the selection of relevant journals, and the rating of these journals. The system is consequently used to develop the Ergonomics Journal List 2004. We would like to emphasize that the proposed system is a first approximation of journal quality in the field of ergonomics. While our methods are heavily based on the ISI impact factor, we believe that there is a need to develop more methods to judge the quality of ergonomics journals. Such methods could be based on more sophisticated bibliographical analyses, or surveys among ergonomics experts.
Methods

General
Definitions
The International Ergonomics Association, representing some 19,000 ergonomics researchers and practitioners world wide, describes ergonomics (human factors) as ''the scientific discipline concerned with the understanding of interactions among humans and other elements of a system, and the profession that applies theory, principles, data and methods to design in order to optimize human well-being and overall system performance' ' (IEA, 2003) .
In this paper the term ergonomics includes the term 'human factors', as well as its equivalents in other languages. The term 'journal' refers to a scientific or professional periodical with ISSN-number such as a journal, a magazine or a newsletter.
The impact factor of a journal is defined according to ISI as the number of current citations a journal receives to articles published in the two previous years, divided by the number of articles published in the journal during these years. 
System criteria
The following design criteria were used for developing the system for selecting and rating journals in the field of ergonomics: (1) knowledge relevance (representation), (2) simple categorization scheme, (3) objectivity, and (4) broad acceptability. Knowledge relevance means that the coverage of the considered journals reflects the discipline of ergonomics according to the above definition of ergonomics. Simple categorization scheme means that the system has a limited number of levels under which the journals are categorized. Objectivity refers to a system that can be applied by different researchers with the same (or similar) results. Finally, a broadly accepted system is a system that uses selection and rating criteria that are also used in rating systems for other disciplines.
Journal selection
Selection criteria
In the scientific disciplines other than ergonomics, several methods have been used for the selection of core journals. Core journals of a discipline can be defined as the list of journals from the respective ISI-category. The category 'ergonomics' of the ISI Social Science Citation Index (SSCI) contained 12 journals in 2003. Because only a small number of journals is included, this approach appears to be too limited and restrictive. Another approach for selecting the core journals is to evaluate the journal utilization habits of visitors of an academic library. However, it seems that the frequency of using journals differ considerably between different user groups (Joswick and Stierman, 1997) . Morris and McGain (1998) consider journals as the 'core' journals if they are covered by the science indexing services of the discipline (such as the Ergonomics Abstracts in the field of ergonomics), have relevant language in the articles' titles, abstracts, or keywords, and have sufficient citation visibility to be included in one of the ISI databases. In this paper, the criteria of Morris and McCain were used for developing the current method for selecting journals in the field of ergonomics.
Selection of ergonomics journals
The 'ergonomics journals' were defined as journals that focus exclusively on the entire field or on subdisciplines of ergonomics. Journals are considered to be the 'ergonomics journals' if the name 'ergonomics' is part of the journal name, or if in the aims, objective or scope of the journal, specific reference is made to the discipline of ergonomics as the major focus. The list of journals from the Ergonomics Abstracts Online (Ergonomics Abstracts, 2003) was used here to make the first selection of ergonomics journals. Based on the authors' knowledge, additional candidate ergonomics journals were added. Both scientific journals (ISI-journals and others) and professional journals were included. In order to develop the final list of ergonomics journals, all journals were evaluated using the above definition of ergonomics journals.
Selection of related journals
The 'related journals' were defined as journals that focus on other disciplines than ergonomics, but regularly publish ergonomics articles. 'Regularly publish' is defined as the publication of at least 5 ergonomics articles in the last 5 years. In order to avoid journals that have published several ergonomics articles at the same time (e.g. a special issue of a journal), the journal must have ergonomics articles during at least 2 years in the 5-year period. In the list of related journals, an 'ergonomics article' is defined as an article that uses at least one of the words 'ergonomics', 'ergonomic', 'ergonomical' 'ergonomically', 'ergonomist', 'ergonomists', or 'human factors' in the title, the abstract or the keywords of the article.
The ISI databases Science Citation Index Expanded (SCI-EXPANDED), Social Science Citation Index (SSCI), and Arts & Humanities Citation Index (A&HCI) were used to select related journals as defined above. In order to distinguish between journals that refer to the ergonomics discipline as 'ergonomics', and journals that refer to the discipline as 'human factors', the keyword-strings: ''(ergonomÃ) NOT (human factors)'', ''(human factors) NOT (ergonomÃ)'', were used separately. The list of related journals contains only the ISI-classified journals; professional (trade) journals (or magazines) were not included.
Selection of basic journals
The 'basic journals' were defined as journals that focus on other technical, medical or social disciplines than ergonomics. While the basic journals are important for the development of the discipline of ergonomics, they normally do not publish ergonomics articles as defined under 'related journals'. For selecting the basic journals, the list of Ergonomics Abstracts On-Line was used. From this list, the ergonomics journals and the related journals were excluded, as well as non-ISIjournals. The list of basic journals contains only the ISIclassified journals.
Journal rating 2.3.1. Rating criteria
The selected ergonomics, related and basic journals were rated according to the following criteria (if relevant):
* Scientific or professional, * ISI or non-ISI, * High or low impact factor.
Scientific journals were considered separately from professional journals, because of the differences in scope: scientific journals concentrate on the production of new knowledge and on scientific readership, whereas professional journals concentrate on the application of knowledge, and are meant for professionals and nonscientific readership. Because of the limited number of professional journals (only for ergonomics journals), all such journals were grouped into one level (P-level).
A journal is considered to be a scientific journal if it publishes peer reviewed papers and has a scientific editorial or advisory board. Within the set of scientific journals, the ISI-classified journals are typically considered to be of higher quality level than the non-ISI journals. Non-ISI scientific journals are rated at level C. Within the set of ISI-classified journals, the journals with higher impact factors relative to other journals in the same subject area, are considered to have higher quality (level A) than journals with lower impact factor in that area (level B). The proposed rating method for selected journals is shown in Table 1 .
Rating of ergonomics journals
The rating method was applied to ergonomics journals as follows. An ergonomics ISI-classified journal was rated at level A, if at least half of all other ergonomics ISI-journals have lower mean impact factors. The mean impact factor is the mean of the impact factors over three successive years. Otherwise, an ergonomics ISI-journal was rated at level B. If a non-ISI-classified journal is a scientific journal, it was rated at the C-level. All other ergonomics journals were considered professional journals (P-level).
Rating of related journals
Since the related journals are all ISI-classified journals, these journals were rated only at level A or level B. The related journal was rated at level A, if at least half of the ISI-journals in the same ISI-category have lower impact factors. The impact factor is the impact factor of one specific year. An ISI-category is a set of ISI journals classified by ISI into the same subject area. One journal can be classified into more than one ISI-category. If a related journal belongs to more than one ISI-category, that journal is rated at A-level, if it is rated at A-level in at least one category, independent of the rating in the other category. If a related journal is not rated at A-level, it is rated at the B level.
Rating of basic journals
The selected basic journals are all ISI-classified journals; consequently, only levels A and B apply. Since we question the completeness of the present list of basic journals (see Discussion section under 'basic journals 2003'), and since there is a great variety of subject areas of basic journals, for simplicity, the basic journals were rated as if all journals were in the same subject area. As a consequence, the rating of these journals into A-or Blevel was based upon the absolute value of the impact factor. A basic journal is rated at level A if at least half of all other basic journals have lower impact factors. Otherwise, it is rated at level B.
Ergonomics Journal List 2004
The above journal selection and rating methods were applied to develop the Ergonomics Journal List 2004 as follows: Tables 2-4 show that 25 ergonomics journals, 58 related journals and 142 basic journals were selected.
Results
Selection of journals
3.2. Rating of journals 3.2.1. Rating of ergonomics journals Table 2 shows the rating of the ergonomics journals. There are 3 top journals (A-level), 3 high quality journals (B-level), 10 good quality journals (C-level) and 9 professional journals (P-level). Table 3 shows the rating of the related journals. There are 28 top journals (A-level) and 30 high-quality journals (B-level). Table 4 shows the rating of the 142 basic journals with 71 top journals (A-level) and 71 high quality journals (Blevel).
Rating of related journals
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Rating of basic journals
Discussion
Journal rating system
The developed journal rating system is a first attempt for selecting and rating journals that are relevant for the field of ergonomics and human factors. It appears that the proposed system is representative in the sense that journals are included from all subject areas of ergonomics, where ergonomics is broadly defined according to the description of the International Ergonomics Association. In particular, the group of basic journals covers many different areas because of the broad description of ergonomics that is used in the Ergonomics Abstracts.
The proposed system is relatively simple and straightforward. Journals are selected from existing databases (ISI, Ergonomics Abstracts). Three rating levels for the scientific journals and one rating level for the professional journals were distinguished. The proposed assessment system is objective in the sense that it can be repeatedly applied by others with the same (or similar) results. However, the subjective element in the system comes from the selection process of journals in the databases of ISI and Ergonomics Abstracts. For example, the ISI editorial staff selects journals on the basis of a combination of editorial content, publishing criteria, and citation history.
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It remains to be seen whether the rating system developed here, can be broadly accepted. The selection and rating of journals relies heavily on the list of ISIjournals and its impact factors.
Although the ISI-databases are generally considered as valuable tools for selecting and rating (scientific) journals, there has also been criticism of such an approach. For example, only a limited number of high-quality regional journals and journals in other languages than English, show up in the list. In general, the true impact of any given journal not only depends on the quality of the journals and its articles as measured by the ISI impact factor, which is based on the relative number of citations alone. Other important factors that are, unfortunately, not considered by the ISI impact factor measure (Amin and Mabe 2000) include:
(1) the type of article: review articles have higher impact factors than other contributions, (2) the subject area of the journal: fundamental subject areas have higher impact factors than specialized and applied subject areas, and (3) the size of the journal: journals with many articles per year have smaller yearly fluctuations of their impact factors.
In the proposed journal rating system for ergonomics, the dependency of the impact factor on variations in subject area is considered (not for the basic journals), as well as the yearly fluctuations (for ergonomics journals only). Other factors of variation are not addressed. It is difficult to judge whether the selection and rating of journals is valid, since there is no 'golden standard'. Also, no other rating systems are available for ergonomics. Other journal rating systems should be developed in order to allow comparison with the present rating system. For example, other systems could use different methods for selection of core papers (e.g. bibliographic analyses of journals using cross-citations and inter-citations of articles), or different methods for rating of journals (e.g. based on opinions of ergonomics experts).
It should be stressed that journal rating systems such as the one developed here are normally based on the 'classical' view of a division between scientific and professional knowledge: scientists produce knowledge and publish their results in scientific journals, while professionals apply this knowledge in their everyday practise. However, in our opinion, the division between knowledge production and knowledge application is less clear. In the discipline like ergonomics, academic knowledge and practical knowledge are often combined in order to produce applied knowledge.
Ergonomics Journal List 2004
Ergonomics journals
The list of ergonomics A-and B-rated journals is rather small. One reason is that ergonomics journals are strictly defined as journals that primarily focus on ergonomics, as indicted by the name of the journals or by the description of the aims, the objective or the scope of the journal. A valid question would be whether or not to include in the list of ergonomics journals those journals that come from the subfield of humancomputer interaction, for example the International Journal of Human-Computer Interaction or the International Journal of Human-Computer Studies. In the last decades the field of human-computer-interaction has developed towards a more independent subject area, but it can be classified as one of the broadly defined subfields of ergonomics. Since such journals refer to ergonomics as only one of the areas of interest (which may help to emphasize the autonomy of the field), these journals are not classified as 'ergonomics journals' according to the definition we have used in this paper. These journals do show up in the list of 'related journals' since they regularly publish ergonomics articles as defined here. As a contrast, the International Journal of Cognitive Ergonomics (even though its publication was recently discontinued) refers to ergonomics as the major goal of the journal, both in the journal title and in the scope, and was therefore included in our list.
We believed that the presented list of ergonomics Aand B-rated journals is fairly complete. It is possible that some C-or P-journals, in particular in languages other than English, are missing. With respect to the rating of the 'ergonomics journals', it can be observed that the three A-level journals have a long and good reputation within ergonomics. These journals count for 18% of the total number of abstracts in the database Ergonomics Abstracts, whereas they represent only 3% of the total number of journals with more than 10 abstracts (Luczak et al., 1999) .
From our analysis it turns out that the six A-and Bergonomics journals have published considerably more ergonomics papers (average 71) than the related journals (average 10). These A-and B-rated journals are also present in most ergonomics journal lists that we have found.
Related journals 2003
There are 58 related journals that have published at least 5 articles in 5 years (1998) (1999) (2000) (2001) (2002) . This is 9% of all 678 ISI classified journals that have published at least one ergonomics article in these years. Twenty-seven of the 58 related journals have published 10 articles or more.
The definition of an 'ergonomics article' as an article that uses at least one of the words 'ergonomÃ', or 'human factors' in the title, the abstract or the keywords of the article, has its limitations. For example, in one of the ergonomics journals (Human Factors) these keywords are used in only 14 articles (10 times 'ergonomÃ' and 4 times 'human factors'), although it can be assumed that all articles in this ergonomics journal are relevant. This phenomenon might occur in the nonergonomics journals as well. On the other hand, if a non-ergonomics journal uses ergonomics keywords, one can expect that the article is relevant to ergonomics. Exceptions are articles that use the words 'human factors' in a general way, not referring to the discipline (e.g. ''human factors causes of climate changes''). However, journals that publish such articles do not reach the threshold of 5 articles in 5 years. Taking these aspects into account, we estimate that the number of related journals might be an underestimation of the total number of relevant related journals. Table 5 shows the list of 85 ISI-categories in which the 58 'related journals' were classified (one journal can be classified into more than one category).
It turns out that ergonomics articles have been published within a variety of disciplines (and ISI journal categories). Eighteen categories (34 journals) are within the field of medicine, human health, and biology, and particularly in the category 'public, environmental and occupational health' (12 journals). Twelve categories (21 journals) are within the field of engineering and technology, in particular in the category 'industrial engineering' (6 journals), while 7 categories (17 journals) are within the field of computers and information, in particular in the category 'cybernetics' (6 journals).
In the selected 'related journals', the keywords 'ergonomÃ' showed up in twice as many articles than the keywords 'human factors'. Some typical 'ergonomics'-related journals and 'human factors' related journals are shown in Table 6 . It appears that ergonomics is used more in the area of occupational health and in applications in medicine, whereas human factors is used more in the 'related journals' in the areas of computer science and engineering, as well as applications in aviation and transport.
With respect to journal ratings, the impact factor of a journal is related to the impact factors of other journals in the same subject area. Consequently, some of the journals with higher impact factors can be rated lower than journals with lower impact factors. For example, the Journal of Electromyography and Kinesiology, that belongs to the ISI-categories: Neurosciences and Physiology, has an impact factor of 1.145 and is rated at Blevel, whereas the journal Computers & Industrial Engineering, that belongs to the ISI-categories Interdisciplinary Applications in Computer Science, and Industrial Engineering, has an impact factor of 0.391, but is rated at A-level.
Basic journals
The selection of 'basic journals' (journals that are important for the development of the discipline of ergonomics) is based on the journal list of Ergonomics Abstracts. This database contains abstracts of 331 journals, including 179 ISI-classified journals. The publisher claims that the database is ''spanning the whole wide world of ergonomics and human factors''. One would expect that at least the related journals, that publish ergonomics articles regularly, are included in the list. We have found that 10 'related journals' rated at A-level and 18 'related journals' rated at B-level, including several journals that have published more than 10 ergonomics articles, were not part of the journal list of Ergonomics Abstracts. If the journal list contained in the Ergonomics Abstracts is not complete, it could not Table 5 Topics (ISI-categories) covered by related journals be the only source for selecting 'basic journals'. Additional approaches, such as selection by experts or analysis based on the bibliographic studies should also be used.
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With respect to the rating of the 'basic journals', it should be observed that the classification of a basic journal into level A or level B is based on the ISI impact factor without correction for the subject area. So, the list of 'basic journals' seems less complete and less thoroughly rated than the lists of 'ergonomics journals' and 'related journals'.
Comments on the ISI impact factor
The ISI impact factor (IF) for a given year (i) is defined as follows:
where: (i) denotes a calendar year, RC is the number of recent cites, and NRA is the number of recent articles. The RC is defined as the number of cites to the articles published in the immediate 2 years prior to the year (i), that is years (i-1) and (i-2). For example the RC for Ergonomics journal for year 2001 is calculated as the sum of cites for the years 2000 and 1999 (44 and 96 cites, respectively). The NRA is defined as the number of articles published in the immediate 2 years prior to year (i). For example, the NRA for Ergonomics journal for year 2001 is calculated as the sum of articles published in the years 2000 and 1999 (138 and 114 articles, respectively) . Therefore, the ISI impact factor for Ergonomics journal for the year 2001 can be calculated as follows: 140/252=0.556.
It should be noted, however, that the above method for assessing the impact of a given journal does not consider how big the population of the readers is. A journal with a given impact factor, has more impact on its readership (''intensity of the effect on the readers'') if the total number of readers is relatively small. Similarly, if the total number of readers is relatively large, the impact is smaller. One way of accounting for the pool of readership would be to modify (normalize) the impact factor by taking into account the number of subscriptions. For example, the normalized impact factor (NIF) could be defined as follows:
where IF is the ISI impact factor and NRF is the normalized readership factor=[1000/number of subscriptions]
The normalized impact factor reflects the journal's readership in terms of the number of subscriptions to the given journal per standard 1000 subscriptions. As an example, Table 7 presents the normalized journal ranking for 2001 with due consideration of the readership measured by the number of subscriptions for four ISI ranked journals. Since the number of institutional and individual subscriptions is typically considered a trade secret and not readily available, the readership numbers depicted in Table 7 are for illustration of the concept of normalization only. In principle, it can be seen that a journal with the small number of traditionally measured subscriptions can make a big impact on its readership (like Human Factors and Ergonomics in Manufacturing), while a journal with a very large number of subscriptions (like Human Factors) can have relatively smaller impact on the available readership who are mostly members of the Human Factors and Ergonomics Society and receive the journal as a benefit of their membership. The normalized factor would allow for better representation of the true impact of a given journal in the framework of the available journal readership.
The ISI impact factor of a given journal is based upon citations. As noted by Goris (2003, personal communication) , while the number of cited articles in a particular journal is a function of the number of articles that are published in that journal, it also depends on the total number of articles published in all journals in a particular field and related disciplines in which an article Table 6 Some typical 'ergonomics' related journals and 'human factors' related journals 'Ergonomics' related journals 'Human factors' related journals can be cited. This fact should also be reflected in measurement of the impact of a journal. Finally, it should be noted that a new model should be developed in order to take into account the effect of electronic publishing and electronic hits to the particular articles.
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Conclusions
The proposed journal rating system is a first attempt to select and assess the relevant journals in the field of ergonomics/human factors, and can be the first step towards a generally acceptable rating system. While more studies with different methods are needed before a consensus on this issue can be reached within the ergonomics community, the proposed evaluation framework allows a longitudinal insight into the current state of development of journals in the ergonomics and human factors discipline. With this paper, we hope that we have started a discussion on ergonomics journal quality.
